Introduction
Gastric adenocarcinoma (GAC) is one of the most common malignant cancers in the world [1] . Surgery is considered to be the main treatment for GAC. Patients with cancers were prone to have anemia, and radical resection with extended lymphadenectomy might cause much blood loss during surgery; thus patients with low hemoglobin (Hb) value might receive perioperative blood transfusion.
Whether perioperative blood transfusion impacted on the prognosis of patients with cancer was still under debate. Some studies reported that blood transfusion was related to poor prognosis of patients with colorectal cancer, renal cell carcinoma, lung cancer, and breast cancer [2] [3] [4] [5] [6] . The possible reason might be that blood transfusion could cause immunomodulation, which decreased the activities of natural killer cells and increased the activities of regulatory T cells [7] . However, other studies held the opposite opinion, indicating that blood transfusion did not affect patient's outcomes [8, 9] .
With respect to gastric adenocarcinoma, several researches had been carried out in order to find out the relationship among perioperative blood transfusion, postoperative complications, and prognosis, but it still remained controversial. Although some reports did not support the fact that blood transfusion was related to poor prognosis, others claimed that it did exist [10] [11] [12] [13] [14] . Some reports showed that transfused patients had more postoperative complications [13, 15] .
In China, according to the clinical guideline of blood transfusion, patients with POHb lower than 70 g/L should be transfused, and there is no need of transfusion for patients with POHb >100 g/L [16] . However, there were few studies discussing prognosis of perioperative transfused patients with cancer grouped by different POHb. In our study, we divided the patients into different groups according to their POHb and tried to find out the relationship among blood transfusion, postoperative complications, and survival of patients in these different groups.
Methods
The West China Hospital research ethics committee approved retrospective analysis of anonymous data. Signed patient informed consent was waived per the committee approval, because it was a retrospective analysis.
Patients. From January 2003 to April 2011, 1199 patients
who underwent curative gastrectomy with R0 resection for gastric adenocarcinoma at Department of Gastrointestinal Surgery, West China Hospital, Sichuan University, were enrolled in our study. Patients with distant metastases, neoadjuvant chemoradiotherapy, previous neoplastic diseases, and hematological pathologies were excluded from our study. We divided patients into three groups according to their POHb value: Group 1: patients with POHb ≤70 g/L; Group 2: patients with POHb between 70 and 100 g/L; Group 3: patients with POHb >100 g/L. In Group 2 and Group 3, patients were divided into two subgroups according to whether they had perioperative blood transfusion. And all the patients in Group 1 had received blood transfusion. The clinicopathological features such as tumor size, tumor location, differentiation grade, and pathological TNM stage were recorded according to Japanese classification of gastric carcinoma by JGCA [17] . Other variables including operation time, intraoperative blood loss, and postoperative complications were also analyzed. Clinicopathological features and overall survival rates were compared among these groups.
Surgical Treatment.
Gastrectomy plus lymphadenectomy was the mainstay treatment for patients with gastric adenocarcinoma. Patients with early gastric adenocarcinoma underwent D1/D1+, while patients with advanced gastric adenocarcinoma underwent D2/D2+ lymphadenectomy. All the operations were performed by expertise of surgeons specialized in gastrointestinal surgery according to Japanese Gastric Cancer Treatment Guidelines [18] .
Perioperative Blood Transfusions.
Perioperative blood transfusion was defined as either whole blood or packed red blood cells administered within 14 days before surgery, during surgery, or 14 days after surgery [14] . Usually, POHb ≤ 70 g/L and significant intraoperative blood loss were general indications for blood transfusion. The amount and time of perioperative blood transfusion were recorded.
Follow-Up.
Regular outpatient visit was the first choice for follow-up, while telephones and mails were adopted as two main supplementary follow-up methods. Follow-up information was updated until December 2014. The main reasons for the loss of follow-up were the changes of phone number or home address and refusal of reexamination in our hospital. Comparisons of clinicopathological features between transfused and nontransfused patients were shown in Table 1 . Of all the patients, transfused ones had significantly more combined organ resections ( < 0.001), more patients with open surgery ( < 0.001), and more intraoperative blood loss ( < 0.001). Postoperative complications seemed to occur more frequently in transfused patients ( = 0.002) especially pulmonary infection (transfused 18.8% versus nontransfused 13.7%). Table 2 showed the comparison between transfused and nontransfused patients in POHb between 70 and 100 g/L or POHb >100 g/L groups. Clinicopathological characteristics were similar with regard to sex, TNM stage, differentiation grade, macroscopic type, and tumor size in transfused and nontransfused subgroups of patients with POHb between 70 and 100 g/L (all > 0.05). However, in the patients with POHb >100 g/L group, transfused patients had more advanced TNM stage ( < 0.001), larger tumor size ( = 0.009), more poor differentiated grade ( = 0.010), and more postoperative complications ( = 0.027).
Statistical

Risk Factors for Blood Transfusion.
To identify risk factors for blood transfusion, univariate and multivariate analyses were performed in each group, respectively. The results of multivariate analysis of different groups were shown in Tables  3 and 4 . In logistic regression analysis, risk factors for blood transfusion in patients with POHb between 70 and 100 g/L were significantly associated with intraoperative blood loss ( = 0.002) and combined organ resection ( = 0.015). However, risk factors for blood transfusion in patients with POHb >100 g/L were associated with age ( = 0.013), combined organ resection ( = 0.033), TNM stage ( = 0.005), and intraoperative blood loss ( < 0.001).
Survival Analyses.
Finally, 999 patients (83.3%) were followed up and included in survival analysis. The median survival time of transfused and nontransfused group was 46.3 (0.07-141.9) months and 111.5 (0-141.9) months, respectively. Three-year survival rates were 51% and 61% in transfused and nontransfused patients with POHb between 70 and 100 g/L, respectively. In transfused and nontransfused patients with POHb >100 g/L, the 3-year survival rates were 44% and 65%, respectively. In univariate analysis, age ( = 0.001), type of gastrectomy ( < 0.001), combined organ resections ( = 0.003), longitudinal location ( < 0.001), differentiation grade ( = 0.009), macroscopic type ( < 0.001), tumor size ( < 0.001), pT stage ( < 0.001), pN stage ( < 0.001), pTNM stage ( < 0.001), and perioperative blood transfusion ( < 0.001) were associated with overall survival in all patients with gastrectomy in our study ( Table 5 ). The multivariate analysis revealed that age ( = 0.005), tumor size ( < 0.001), and TNM stage ( < 0.001) were independent prognostic factors in gastric adenocarcinoma patients (Table 5) .
Subgroup Analyses.
Of all patients, Kaplan-Meier curve showed that transfused patients had significantly worse prognosis than nontransfused patients (Figure 1(a) , < 0.001).
Nontransfused patients with POHb >100 g/L had better survival outcomes among the subgroups we divided in this study (Figure 1 (b), = 0.001). When comparing prognosis between transfused and nontransfused patients in POHb between 70 and 100 g/L and POHb >100 g/L groups, respectively, we found out that there was no significant difference in prognosis between transfused and nontransfused ones in POHb between 70 and 100 g/L group ( = 0.191, Figure 1(c) ). However, in POHb >100 g/L group, the survival was significantly better in the nontransfused group than transfused group ( < 0.001, Figure 1(d) ). We further divided patients according to their TNM stage (I/II stage; III stage) in POHb >100 g/L subgroup, and constituent ratios of differentiation grade, macroscopic type, and tumor size between these two subgroups were similar. We found that, in stage I/II subgroup, the difference was not significant between transfused and nontransfused groups ( = 0.674, Figure 2 (a)); however, in TNM stage III subgroup, survival outcome was remarkably better in nontransfused group than that in transfused group ( = 0.002, Figure 2(b) ). In addition, a dose-response relationship between the amount of transfused blood and prognosis was not recognized ( = 0.153, Figure 2(c) ), and the patients with intraoperative transfusion had obviously worse prognosis than those who had preoperative or postoperative transfusion ( = 0.001, Figure 2(d) ).
Discussion
Variety of experiments had demonstrated that perioperative blood transfusion could result in immunological changes which might contribute to poor survival of patients [19, 20] . Although many studies had been carried out to evaluate the influence of perioperative blood transfusion on the prognosis of gastric adenocarcinoma patients, the results were still varied. Sánchez-Bueno et al. 's study showed that perioperative blood transfusion did not influence the survival of patients with gastric adenocarcinoma [11] . A study by Moriguchi et al. also revealed the lack of any relationship between perioperative blood transfusion and survival of patients with gastric cancer [21] . On the other hand, other studies had opposite opinion that blood transfusion resulted in worse prognosis of gastric cancer patients. Ojima et al. demonstrated that perioperative blood transfusion had a negative influence on survival of patients with gastric cancer [22] . A large retrospective study with 1710 patients by Hyung et al. found that blood transfusion was an independent risk factor for recurrence and poor survival [14] . However, all the studies mentioned above discussed the relationship between perioperative blood transfusion and prognosis without concerning POHb of patients. Clinical decision for blood transfusion was driven more by hemoglobin threshold. Whether patients with POHb >70 g/L should be transfused and whether perioperative transfusion could influence postoperative complications and prognosis of gastric adenocarcinoma patients with different POHb still remain unknown. Therefore, in our study, we divided gastric adenocarcinoma patients into different groups according to their POHb and tried to find out the impact of transfusion on postoperative complications and prognosis. Our retrospective study showed that transfused patients had more postoperative complications than nontransfused ones. Other studies also demonstrated that transfused gastric cancer patients had more postoperative complications [13, 15] . We also found that pulmonary infection happened more frequently in transfused patients than nontransfused ones (transfused 18.8% versus nontransfused 13.7%). Maybe transfusion could disturb the immune system and cause high morbidity of pulmonary infection. In our study, perioperative blood transfusion resulted in poor prognosis of patients with gastric adenocarcinoma but not an independent prognostic factor. However, this might be influenced by different distributions of clinicopathological features or operation approach between transfused and nontransfused subgroups. When patients were divided according to POHb, we found out that difference was not significant between prognosis of transfused and nontransfused patients with POHb between 70 and 100 g/L ( = 0.191). Survival outcome was significantly worse in transfused group than nontransfused group in patients with POHb >100 g/L; however, this difference might be caused by more advanced TNM stage patients in transfused group. Hence, we carried out survival analysis grouped by TNM stage (I/II stage; III stage) in patients with POHb >100 g/L. Distributions were similar with regard to sex, differentiation grade, macroscopic type, and tumor size in both subgroups. We found that transfused TNM III stage patients had worse prognosis than nontransfused patients, while differences were not significant between transfused and nontransfused patients in I/II stage subgroups. We concluded that perioperative blood transfusion contributed to poor prognosis, especially in stage III gastric adenocarcinoma patients.
Blood transfusion may regulate immunity system which may be harmful for patients with cancer. The explanation for the adverse effect of transfusion is probably immunosuppression which may be caused by decreased natural killer cell activity and increased suppressor T lymphocytes activity. Other suppressor factors such as anti-idiotypic antibodies may also be generated after blood transfusion [7, 23] . Heiss held the opinion that transfusion might have effect on minimal residual disease in resected-cancer patients which might lead to poor prognosis of them [24] . They witnessed a significant quantitative increase of tumor cells in bone marrow of transfused patients only during follow-up. In advanced stage, immunosuppression caused by transfusion may lead to progression of residual foci and also fail to clear cancer cells in bone marrow. Their finding supported our results that transfused patients had worse prognosis and more postoperative complications such as pulmonary infections, especially in TNM stage III patients.
There were some reports focused on the relationship between prognosis and amount of transfused blood. Hyung's study described significant differences in the prognosis between patients transfused with different units of blood [14] . However, in this study, we revealed that transfused patients with different units of blood did not show significant difference in survival outcomes which was similar to Ojima's and Kanda's results [15, 22] . Maybe it was transfusion itself which caused immunosuppression and poor prognosis rather than amount of blood transfused. We also found that patients with intraoperative transfusion seemed to have worse survival than preoperative and postoperative transfused patients. Surgical stress inhibited the immune system and might result in immunosuppression which led to poor prognosis of patients with intraoperative blood transfusion [25] . If we cannot avoid perioperative transfusion, we may avoid intraoperative transfusion at least.
This present study, which is one of the largest retrospective researches on Chinese patients, aims to excavate the relationship among Hb value, transfusion, and prognosis. In patients with POHb between 70 and 100 g/L, the difference was not significant between transfused and nontransfused patients. However, in patients with POHb >100 g/L especially TNM III stage, perioperative blood transfusion related to poor outcomes. Although transfusion did not affect much prognosis of patients with POHb between 70 and 100 g/L, blood transfusion still should be avoided for transfused patients who had more postoperative complications. And we also should avoid intraoperative blood transfusion for the adverse effect on prognosis. In our study, intraoperative blood loss was an independent risk factor for transfusion. Thus, as to surgeons, the best method to avoid perioperative transfusion is to reduce intraoperative blood loss, for example, careful anatomical dissection to avoid injury of blood vessels; using some technology or devices to reduce blood loss such as electrocoagulation, ultrasonic, laser devices, and collagen-sealing devices; reducing the length of incision and suture carefully.
Our study is a retrospective study which included 1199 Chinese patients in one center, and we did not analyze the effect of postoperative treatment such as adjuvant chemotherapy or radiotherapy on the long-term survival of our patients in this study. Thus it is necessary to carry out some prospective, randomized, controlled studies to examine the prognostic value of blood transfusion in gastric adenocarcinoma.
In conclusion, perioperative blood transfusion was related to poor prognosis of patients with gastric adenocarcinoma, especially in TNM III stage patients with POHb >100 g/L. Transfused patients also had more postoperative complications than nontransfused ones; thus it is better to refrain from unnecessary perioperative blood transfusion especially intraoperative transfusion.
